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CREAM SUBSTITUTE INGREDIENT AND FOOD PRODUCTS 

Cross-Reference to Related Applications 

This is a continuation-in-part of copending 
5 U.S. Patent Application Serial No. 148,434, filed 
January 26, 1988 which is a continuation-in-part of 
allowed copending U.S. Patent Application Serial No. 
127,709, filed December 2, 1987. 

10 FIELD AND BACKGROUND OF THE INVENTION 

The present invention relates generally to 
non-fat and reduced-fat products which possess the 
organoleptic characteristics of full fat-containing 

15 products and more particularly to frozen dessert 
products such as ice cream and related frozen dairy 
desserts. Additionally, the present invention relates 
to a cream substitute ingredient formed of coagulable 
protein such as egg white enveloping a nucleating agent 

20 such as casein micelles and to novel food products 
including frozen desserts, mousses, cream pie fillings 
and icings, which contain this cream substitute. 

"Frozen dessert" is a generic term applied to 
a wide variety of products including ice cream, frozen 

25 custard, ice milk, sherbet, water ice, frozen dairy 
confections, frozen confections, dietary frozen 
desserts, Mellorine and non-dairy desserts, all of which 
are defined according to U.S. Government Federal 
Standards of identity. Frozen dessert products for 

30 which no Federal Standards exist include frozen 

puddings, mousse and frozen shakes. Among the "dairy" 
frozen desserts minimum standards exist for milk fat 
and/or milk solids content. For example, ice cream must 
contain not less than 10% milk fat and 20% total milk 

35 solids (comprised of the total of milk fat and Milk 
Solids Non-Fat, "MSNF" ) ; ice milk must contain 2 to 71 
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milk fat and not less than 11% total milk solids; and 
sherbet must contain 1 to 2% milk fat and 2 to 5% total 
milk solids. See, generally, Redfern, R.S. and 
Ar buckle/ W.S., "Ice Cream Technology Manual" , 4th Ed., 
5 1985, Redfern & Assoc. Ltd., Raleigh, North Carolina 
27622, the disclosures of which are incorporated by 
reference herein for purposes of establishing the back- 
ground of the invention. 

Ice creams and other whipped frozen dairy 
10 desserts are actually rather complicated foams consist- 
ing of air bubbles surrounded by a partly frozen emul- 
sion wherein ice crystals and solidified fat globules 
are embedded in the unfrozen water phase* Estimates of 
the sizes of the coarsely dispersed structural com- 
15 ponents of ice cream vary. Ice crystal sizes are 

reported to vary in size between 20 to 60 microns in 
diameter and to be situated approximately 7 microns 
apart; air cells are reported to range in size between 
10 to 175 microns and to be situated about 125 microns 
20 apart; and solidified fat globules are reported to vary 
in size from 0.2 to 2.0 microns and to form agglomera- 
tions providing a "skin" around trapped air cells. See, 
"Fundamentals of Dairy Chemistry", 2nd Ed., 1983, Webb, 
B.H., et al., eds . , Avi Publishing Company, Inc., 
25 Westport, Connecticut, at pages 896-913, the disclosures 
of which are incorporated by reference herein for pur- 
poses of establishing the background of the invention. 

It is well known that the fat content of 
frozen dairy desserts plays a substantial role not only 
30 in the body and texture of the product, but also its 

flavor characteristics. Smoothness of ice cream texture 
is essentially inversely proportional to the average 
size of ice crystals. Increases in the milk fat content 
for virtually any given frozen dessert formulation will 
35 both decrease the ice crystal size and the distance 

between crystals. Despite the expense and high caloric 
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value attending use of milk fat, as well as the sus- 
ceptibility of milk fat to oxidation causing off flavors 
and its propensity to provide whipped or buttery texture 
effects, full fat ice cream products are generally more 
5 widely preferred to ice milk, sherbets and the like. 
Indeed, the so-called "premium grade" ice creams are 
essentially characterized by higher than standard milk 
fat contents in the range of 15 to 18% and are recog- 
nized as products of correspondingly increased pala- 

10 tability and smoothness and enhanced body and texture in 
comparison to standard grade ice cream and dairy dessert 
products having lower fat contents. 

While attempts have been made to develop 
frozen dessert product formulations wherein part or all 

15 of the milk fat content ordinarily present is replaced 
by a non-fat material/ none of the resulting products 
has achieved any substantial success as a replacement 
for full fat ice cream or ice milk. See, for example, 
U.S. Letters Patent No. 4,510,166 relating to ice cream 

20 formulations wherein starch gels are suggested as fat 
replacement materials and U.S. Letters Patent Nos . 
4,421,778 and 4,552,773 relating to whipped food 
products incorporating beta-phase tending crystalline 
fats. See also, British Patent 915,389 and U.S. Letters 

25 Patent Nos. 3,510,316, 3,556,813, 4,400,405, and 
4,631,196. 

There thus continues to exist a long standing 
need in the art for non-fat and reduced fat frozen 
dessert products which possess the physical and organo- 

30 leptic characteristics of full fat frozen dairy 

desserts. Ideally, such products would equal or surpass 
standard frozen whipped dessert products in nutritional 
value but have reduced caloric content. Additionally, 
there exists a need for a fat or cream substitute 

35 ingredient that can be prepared, stored and used in 

making a variety of low/no fat food products including 
frozen whipped desserts. 
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SUMMARY OF THE INVENTION 

According to one of its aspects, the present 
invention provides noh-fat and reduced fat whipped 
5 frozen dessert products wherein part or, preferably, all 
of the milk fat, vegetable fat, or oil ordinarily incor- 
porated therein is replaced by a proteinaceous macro- 
colloid comprising denatured protein particles. 
Products of the invention possess the physical and 
10 organoleptic characteristics of full fat products 

despite the absence or substantially reduced content of 
fat/oil droplets or globules which are known to play a 
critical role in air cell formation and in the develop- 
ment and maintenance of low average ice crystal size in 
15 frozen whipped desserts. The ability to partially or 
totally replace fats or oils with proteinaceous macro- 
colloid materials gives rise to highly desirable 
products with reduced caloric contents but very high 
nutritional content owing to the presence of additional 
20 protein. The manufacture of frozen dessert products 
according to the invention requires no equipment or 
handling other than that ordinarily employed in the 
preparation of frozen dairy desserts and in all 
instances the proteinaceous macrocolloid may be incor- 
25 porated into dessert formulations as a direct replace- 
ment for milk fat or vegetable fats or oils. 

The present invention thus provides improved 
frozen whipped dessert foodstuffs wherein the improve- 
ment comprises the partial or total replacement of fat 
30 in premix formulations by a macrocolloid of substan- 
tially non-aggregated particles -comprising denatured 
protein having in a dry state a mean diameter particle 
size distribution ranging from about 0.1 microns to 
about 2.0 microns, with less than about 2 percent of the 
35 total number of particles exceeding 3.0 microns in 

diameter, and wherein the majority of the said particles 
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are generally spheroidal as viewed at about 800 power 
magnification under a standard light microscope, the 
particles in a hydrated state forming said macrocolloid 
having substantially smooth, emulsion-like organoleptic 
5 character. Preferred products of the invention comprise 
frozen whipped desserts of the type which would ordi- 
narily contain milk fat and wherein the protein macro- 
colloid totally replaces the fat ordinarily present, 
providing, for example, ice cream analog products having 

10 the physical properties and organoleptic character of 
premium grade ice cream products but containing less 
than about one percent fat. 

Presently preferred proteinaceous macro- 
colloids for use in practice of the invention are 

15 derived from undenatured substantially soluble proteins 
derived from animal, vegetable and microbial sources, 
with dairy whey, egg white albumen, soy and bovine serum 
albumin protein sources being presently most pre- 
ferred. Among the desired macrocolloids are those 

20 described in U.S. Letters Patent No. 4,734,287 by Singer 
et al. f and in U.S. Patent Application Serial No. 
127,955, filed December 2, 1987 as a continuation-in- 
part thereof, both incorporated by reference herein. 
Macrocolloid products for use in practice of the present 

25 invention are suitably prepared through use of apparatus 
as described in co-owned, co-pending, U.S. Patent 
Application Serial No. 127,710, filed December 2, 1987 
by Singer et al., entitled "Fluid Processor Apparatus", 
the disclosures of which are specifically incorporated 

30 by reference herein, but may be prepared through use of 
any suitable apparatus capable of imparting controlled 
heat and high shear conditions to the starting material 
protein solution undergoing macrocolloid-f orming treat- 
ment. Where it is desired to employ dairy whey as the 

35 starting material for formation of a proteinaceous 

macrocolloid for use in a frozen dessert of the present 
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invention and where it is desired to reduce cholesterol 
and lipid content of the proteinaceous starting 
material, pre-treatment may be accomplished according to 
the methods described in co-owned/ co-pending, U.S. 
5 Patent Application Serial No. 127,402, filed December 2, 
1987 by Singer et al., entitled, "Methods for Extraction 
of Cholesterol and Lipids" which is incorporated by 
reference herein. 

In another of its aspects, the present inven- 
10 tion provides novel methods for preparing reduced 
calorie whipped frozen dessert products, especially 
dairy dessert products such as ice cream, ice milk, 
sherbet and the like, which methods involve the step of 
replacing the fat and/or oil which is conventionally 
15 employed in the product with a prefabricated 
proteinaceous macrocolloid as described above. 
Preferably at least 50% of the fat and/or oil is 
replaced and most preferably the entirety is replaced, 
leaving a fat content which essentially comprises only 
20 such fats as are present in standard flavorings such as 
cocoa or other fat-containing ingredients such as egg 
yolk solids in frozen custard products. 

In still another of its aspects, the present 
invention provides for the preparation of reduced 
25 calorie whipped frozen dessert products wherein fat-free 
or substantially fat-free premixes are provided which 
include heat coagulable protein sources such as egg 
white, whey protein, soy protein and the like. Upon 
subjecting these premixes to heat treatment (e.g., pas- 
30 teurization processing) and relatively high shear blend- 
ing prior to freeze processing, particles of denatured 
protein are formed in the mix in situ , and the particles 
so formed act as a replacement for fat/oil globules in 
the final frozen dessert product. Premixes prepared 
35 according to the invention are characterized by protein 
contents ranging from about 5 to about 20 percent (and 
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preferably about 7.5 to about 12.5 percent) , with from 
about 25 to about 100 (and preferably about 50) percent 
of the total protein incorporated comprising heat 
coagulable protein. Continuous process pasteurization 
5 at high temperatures for correspondingly shorter dura- 
tions (e.g., 20-25 seconds at 176°F) has been found to 
provide for the most desirable final products. 

Whether prepared by direct incorporation of 
macrocolloid materials or by in situ formation of pro- 

10 tein particles in a premix, preferred frozen whipped 
dessert products of the invention preferably include 
denatured protein particles in the size range of about 
0.01 to about 3.0 (and preferably about 0.1 to about 
2.5) microns in diameter and wherein particles having 

15 diameters in the range of from about 0.5 to 2.5 microns 
are present in quantities of at least 1 x 10 8 particles 
per cubic centimeter of the final product. It is 
generally preferred that there be from 1 x 1Q 8 to 
1 x lO 1 ^ or more such particles and most preferred that 

20 there be in excess of 1 x 10^ such particles, allowing 
for the final products to closely approximate full fat 
products in terms of creaminess, smoothness and overall 
texture . 

It is correspondingly within the ambit of the 
25 present invention to prepare fat-free or substantially 
fat-free premixes for frozen whipped desserts which 
comprise from 5 to 20 percent protein wherein from 25 to 
100 percent of the total protein is heat coagulable and 
to subject such premixes to heat pasteurization and high 
30 shear blending to develop therein a population of at 
least 1 x 10 8 particles per cubic .centimeter of 
denatured protein particles having diameters of from 0.5 
to 2.5 microns. Premixes so constituted provide, upon 
"finishing" in conventional automatic ice cream mixing/- 
35 freezing apparatus, ice cream analog products having the 
textural characteristics of full fat ice creams, ice 
milks and the like. 
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In yet another aspect of the present inven- 
tion, a cream substitute food ingredient is prepared 
from coagulable protein such as egg- white and a 
nucleating agent such as casein micelles by, e.g., heat* 
5 ing egg whites and casein micelles, under shear condi- 
tions to form substantially non-aggregated composite 
macrocolloidal particles of denatured protein wherein 
the particles are substantially spheroidal in shape and 
have a mean particle size distribution effective to 

10 impart an emulsion-like organoptic character when orally 
ingested, i.e., diameters ranging from about 0.1 microns 
to about 3.0 microns, with less than about 2 percent of 
the total number of particles exceeding 3.0 microns in 
diameter. These protein particles, in a hydrated state, 

15 form a macrocolloid having a substantially smooth, emul- 
sion-like organoleptic character, i.e., a fat or cream- 
like mouth feel and when viewed in cross-section, are 
seen to comprise a "core" of nucleating agent material 
and a "shell" of the coagulable protein. The coagulable 

20 protein/nucleating agent food ingredient is used as a 

fat/cream substitute for preparing low or no fat whipped 
frozen desserts and additionally can be used as a cream 
substitute ingredient in the preparation of other low or 
no fat food products such as sauces, cream pie fillings, 

25 dips, spreads, mousses and icings. 

Other aspects and advantages of the invention 
will be readily understood upon consideration of the 
following detailed description of illustrative embodi- 
ments thereof. 

30 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 and 1A is a schematic flow diagram of a 
process applicable to preparation of an egg white/casein 
35 micelle cream substitute ingredient according to the 
present invention ; 
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FIG. 2 is an electron micrograph which shows 
egg white protein/casein micelle macrocolloidal par- 
ticles wherein a predominant number of particles have a 
casein micelle core and an outer shell of denatured egg 
5 white protein; 

FIG. 3 is an electron micrograph which shows 
egg white protein/casein micelle macrocolloidal par- 
ticles formed during the in situ process for preparation 
of a frozen whipped dessert as hereinafter described; 
10 FIG. 4 is an electron micrograph of an ice 

cream analog product which contains egg white protein/- 
casein micelle macrocolloid as a replacement for heavy 
cream; and 

FIG. 5 is an electron micrograph of a super 
15 premium ice cream. 

All of the micrographs are at a magnification 
of 32,500 and include a 1 micron reference standard, 

DETAILED DESCRIPTION 

20 

It has been determined according to the 
present invention that proteinaceous water-dispersible 
macrocolloids which may be produced from a variety of 
protein materials and which in a hydrated state have a 

25 substantially smooth, emulsion-like, organoleptic char- 
acter may be employed as a fat and/or oil replacement in 
whipped frozen dessert products such as ice cream. The 
proteinaceous, water-dispersible macrocolloids are com- 
prised of substantially non-aggregated particles of 

30 denatured protein which are characterized by having in a 
dry state a mean diameter particle size distribution 
ranging from about 0.1 microns to about 2.0 microns, 
with less than about 2 percent of the total number of 
particles exceeding 3.0 microns in diameter. The par- 

35 tides are further characterized by being generally 
spheroidal as viewed at about 800 power magnification 
under a standard light microscope. 
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The macrocolloid materials may be produced by 
controlled denaturation from a wide variety of protein- 
aceous starting materials which, before processing, are- 
substantially soluble in water and are substantially 
5 undenatured. 

The particularly desired organoleptic quali- 
ties of the macrocolloid materials employed according to 
the present invention are particularly dependent upon 
the sizes and shapes of the macrocolloid particles. 

10 Specifically, it has also been found that 

dispersions of larger, denatured protein coagulates 
(i.e. r with diameters greater than about 3 microns when 
dried) impart an undesirable chalky mouth feel. This 
chalkiness can be identified as being a less coarse 

15 variant of the gritty mouth feel of known heat denatured 
proteins (about 15-175 microns). It appears that a 
sharply defined perceptual threshold is crossed as the 
number of particles of protein coagulate with diameters 
larger than about 2 to 3 microns in their largest dimen- 

20 sion increases. 

The shapes of particles are also important. 
Fibrous particles having lengths generally greater than 
about 5 microns and diameters generally less than about 
1 micron produce pastes which are smooth but dilatant; 

25 as more force is applied between the tongue and palate, 
an increasing sense of solid substance is perceived. 
The resulting impression is not cream-like. As fibers 
become shorter approaching spherical shapes, this 
character decreases . 

30 Further, particles which are generally 

spheroidal tend to produce a smoother, more emulsion- 
like organoleptic sensation. Where increased propor- 
tions of macrocolloid particles are generally spheroidal 
or where the macrocolloid particles are more perfectly 

35 spheroidal, it may occur that somewhat greater propor- 
tions of particles may have diameters greater than about 



BNSDOCIO <WO_8905587A2_I_> 



WO 89/05587 



- 11 - 



PCT/US88/04120 



2 microns without detriment to the organoleptic 
character of the macrocolloid mixture. As alluded to 
hereinbefore, however, rod-like particles with diameters 
greater than about one micrort tend to produce a chalky 
5 to powdery mouth feel. 

Particle sizes of about 0.1 microns contribute 
a greasy mouth feel which may be objectionable if it is 
perceived as the dominant tactile characteristic. 
Because the perceived transition between an emulsion- 

10 like mouth feel and a greasy mouth feel appears to be 
much more gradual than is the transition between the 
former and the chalky mouth feel, greater proportions of 
particles on the order of 0.1 microns in diameter are 
acceptable in macrocolloids employed according to the 

15 present invention. Thus, provided that the mean par- 
ticle size is not less than 0.1 microns, the emulsion- 
like character is dominant, notwithstanding that the 
distribution itself may include a substantial proportion 
of individual particles having diameters smaller than 

20 0.1 microns. 

Proteins useful in preparation of macro- 
colloids include those from such varied and diverse 
sources as vegetable whey from' oil seeds, mammalian 
lactations, blood serum and avian ova. Preferably, the 

25 present process relates to proteins which are globular 
proteins when in their native state. From the perspec- 
tive of traditional protein classification, useful pro- 
teins include those which are soluble in aqueous solvent 
systems and are selected from amongst the simple, con- 

30 jugated and derived proteins. Suitable simple proteins 
include: albumins, globulins and glutelins. Suitable 
conjugated proteins include: nucleoproteins ; glyco- 
proteins and muccoproteins , (also known collectively as 
glucoproteins ) ; phosphoproteins (sometimes themselves 

35 classed as simple proteins); chromoproteins ; lecitho- 
proteins; and, lipoproteins. Heat-coagulable derived 
proteins are also suitable. 
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Simple proteins not useful are the albuminoids 
(a.k.a. scleroproteins ) such as elastins, keratins, 
collagens and fibroins, all of which are insoluble in 
their native states. Protamines (a.k.a. protamins) and 
5 histones are not heat coagulable and are therefore un- 
suitable as raw materials for heat denaturing process- 
ing . 

Conjugated proteins which are both soluble and 
heat coagulable are useful. Similarly, derived proteins 

10 (i.e., the products of various proteoclastic or denatur- 
ing processes) which, notwithstanding their derivation, 
remain both soluble and heat coagulable, are also useful 
as raw materials, provided, of course, that they are 
not, by virtue of their derivation, rendered, ab initio , 

15 incompatible with the manifestation of the desired, 
organoleptic properties in the final product of the 
present process. In general, however, many proteins, 
metaproteins (a.k.a. inf raproteins ) , coagulated pro- 
teins, proteoses, peptones and peptides (a.k.a. poly- 

20 peptides) lack one or both of these prerequisite charac- 
teristics . 

The preferred protein for use in the present 
invention may vary according to considerations of avail- 
ability, expense, and flavor associated with the protein 

25 as well as the nature of impurities in and other com- 
ponents of the protein source. Preferred proteins 
include globular proteins such as bovine serum albumin, 
egg albumen and soy protein, with dairy whey and egg 
albumen proteins being particularly preferred. Sources 

30 of proteins which may be subject to treatment often 

comprise various -impurities. It is desirable therefore 
that where proteins useful with the invention are natur- 
ally associated with insoluble components, such com- 
ponents be smaller than the 3.0 micron limit or be 

35 removable prior to processing or rendered smaller than 
that limit in the course of processing. 
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Once a specific protein source is selected, 
the protein solution is treated for relatively short 
times to relatively specific temperature, shear and pH 
conditions. Depending on the protein, the presence of 
5 specified amounts of polyhydroxy compounds (e.g., 
sugars), aggregate blocking agents and other optional 
ingredients will assist in optimizing the yield of 
desired products. The macrocolloids are produced 
according to a controlled heat denaturation process 

10 during which high shear is utilized to prevent the for- 
mation of any significant amounts of large particle size 
protein aggregates. The denaturation process is 
preferably carried out at a pH less than the midpoint of 
the isoelectric curve of the selected protein and 

15 preferably at a pH about 1 pH unit below the midpoint of 
the isoelectric curve. The process may be carried out 
at lower pHs with the requirement that the processing pH 
should not be so low as to result in acid degradation of 
the protein and the limitation that the pH should 

20 generally not be less than about 3. As described, 

infra , pH's greater than the midpoint on the isoelectric 
curve may also be employed where a nucleating agent is 
also present during denaturation. 

The precise temperatures and shear conditions 

25 applied in macrocolloid preparation are routinely selec- 
ted and extend out for times sufficient to form 
denatured proteinaceous macrocolloidal particles which 
are greater than about 0.1 microns in diameter while 
avoiding the formation of any substantial amounts of 

30 fused particulate proteinaceous aggregates in excess of 
about 2 microns. Preferred shear conditions for 
processing a given protein solution are best determined 
by using "oversize" particle testing. 

Particle size testing provides a measure of 

35 organoleptic quality of the products of the present 
invention. 
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One of the simplest and most rapid of the 
techniques available to a man skilled in the art 
involves the preparation of an optical slide in a manner 
which is analogous to the preparation of clinical blood 
5 smears. Pursuant to this method, an appropriate dilu- 
tion of the dispersed macrocolloid is first prepared and 
adjusted to a pH preferably in the range of 6.5 to 7. 
High speed magnetic stirring, ultrasonication or 
homogenization is then applied to fully disperse any 

10 weak associations there might be between the individual 
macrocolloid particles. A small amount (e.g., 8 micro- 
liters) of the diluted, neutralized dispersion is then 
applied to a glass microscope slide of the variety often 
used in biological studies, and allowed to dry. The 

15 sample is viewed under known magnification using "ruled" 
occular eyepieces with well-known methods. The dis- 
persed macrocolloidal particles of the sample is then 
visually compared with the reticules on the occular to 
provide a good estimation of the statistical incidence 

20 of oversize or aggregated particles within the popula- 
tion as a whole. 

An alternative means for analyzing particle 
size distributions involves the use of an image analyz- 
ing computer, for example, a QUANT IMET ra 7 20 available 

25 from Cambridge Institute, U.K. 

Another means involves the use of the 
MI CROTRAC*" particle size analyzer. The general aspects 
of this technique are described in an article entitled 
"Particle Size Analysis and Characterization Using Laser 

30 Light Scattering Applications" by J.W. Stitley, et al . 
in Food Product Development , December, 1976. 

As will be apparent to a man skilled in the 
art in light of the instant disclosure, sedimentation 
techniques may also be utilized for the purpose of ren- 

35 dering particle size determinations. It will be appre- 
ciated, however, that gravimetric techniques must take 
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into account the protective colloid effects of/ for 
example, whatever processing aids may have been used 
during the above-described heat denaturation treat- 
ment. One example of a gravimetric determination of the 
5 percent "oversized" protein aggregate is summarized 
hereinbelow: 

1. A 5% weight by weight dispersion of the 
macrocolloid of the present invention is prepared and 
neutralized to a pH of between 6.5 and 7; 

10 2. A high fructose corn syrup having a speci- 

fic gravity of 1.351, a pH of 3.3, a total nitrogen of 
0.006% and a solids concentration of about 71% is added 
in a 1 to 4 weight by weight ratio to the neutralized 5% 
macrocolloid dispersion; 

15 3. The mixture is then homogenized to dis- 

perse loose associations between the macrocolloid par- 
ticles; 

4. The mixture is then centrifuged at 478 
gravities for 20 minutes at about 15 degrees 

20 Centigrade. The oversized protein aggregates, i.e., 

particles having a diameter substantially greater than 2 
microns, can be expressed as a percentage of the weight 
of the protein contained in the centrifuged pellet 
divided by the weight of the protein contained in the 

25 macrocolloidal dispersion prior to cent r if ugation. 

These tests are applicable in respect of both 
the macrocolloidal dispersions and the protein materials 
useful as raw materials in the production of said macro- 
colloids. As will be readily apparent to a man skilled 

30 in the art, capacitance based particle size analysis 

equipment such as, for example, the well known Coulter- 
Counter™ analyzers will not be suited to the present 
application, having regard to the charged nature of the 
macrocolloid particles at certain pH's, unless the 

35 macrocolloid is diluted with a salt (NaCl) solution of 
sufficient concentration that the salt ions overcome or 
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"swamp" the natural charge on the macrocolloidal par- 
ticles. 

In accordance with the preferred macrocolloid 
preparative processing conditions, however, the aqueous 

5 protein solution is subjected to high temperatures for a 
very short time at shear rates of 7,500 to 10,000 reci- 
procal seconds or greater. For a one gallon Waring 
blender drive equipped with a miniaturized (e.g., 1 
litre capacity) "Henschel" mixer, for example, a 
10 processing speed of 5000 rpm has been found to provide 
sufficient shear. 

Preferred processing temperatures range from 
about 80°C to about 120°C with processing times ranging 
from about 3 seconds to about 15 minutes or longer with 

15 times of from about 10 seconds to about 2 minutes being 
preferred. Processing times are longer at lower temp- 
eratures, with treatment at 80°C requiring as much as 15 
minutes while processing times at temperatures between 
90°C and 95°C being about five minutes. By contrast, at 

20 120°C the processing time may be only about 3 seconds. 
High processing temperatures are complemented by 
increased rates of heat transfer. Where the nature of 
the processing equipment permits, therefore, processing 
at high heat transfer rates/high denaturation tempera- 

25 tures for very short times is preferred. It should be 
noted, however , that at temperatures higher than 120°C 
with correspondingly reduced product residence times, 
the resulting macrocolloid product is "thinner" and may 
be less desirable. 

30 Processes for the production of the macro- 

colloids utilize an aqueous protein solution character- 
ized by having a protein concentration between about 10% 
by weight and 20% by weight with protein concentrations 
between about 15% by weight and 18% by weight being 

35 preferred. At protein concentrations less than about 

10% by weight, stringy masses tend to form. The stringy 
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masses remain in a stable dispersion and have undesir- 
able organoleptic qualities. Solutions having protein 
concentrations much in excess of about 20% by weight 
tend to become extremely viscous rendering impractical 
5 the application of requisite rates of shear to the pro- 
tein solutions. 

The aqueous protein solutions may further 
comprise up to 100 parts by weight (of protein) or more 
of a polyhydroxy compound f preferably a mono- or di~ 

10 saccharide. These compounds may be "naturally" present 
in the protein starting materials (e.g., lactose present 
in sweet dairy whey protein concentrates) or added to 
the solutions prior to denaturation processing. 
Preferred polyhydroxy compounds include reducing sugars 

15 such as lactose, glucose, fructose and maltose, with 
lactose being particularly preferred. Suitable non- 
reducing sugars include sucrose and lactitol. 

The high level of shear useful in the prepara- 
tive processing is believed to prevent the formation of 

20 large denatured protein aggregates during denatura- 
tion. Aggregate blocking agents may optionally be added 
to the aqueous solutions to facilitate production of 
desired products. The aggregate blocking agent is so 
selected or adjusted in concentration so that it does 

25 not in turn alter the pH of the mixture to outside of 

the optimal processing specifications. Suitable aggre- 
gate blocking agents include hydrated anionic materials 
such as xanthan gum (ordinarily included at 0.1% to 1.0% 
by weight of the protein concentrate) , datem esters 

30 (0.5% to 2.0% by weight of the protein concentrate des- 
pite the fact that datem esters tend to contribute an 
off-flavor to the final product) and lecithin (1% to 10% 
by weight of the protein concentrate). Other suitable 
aggregate blocking agents include carrageenan, alginate 

35 and calcium steroyl lactylate. 
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Malto-dextr ins produced by enzymatic or acid 
hydrolysis of starch provide another chemical aggregate 
blocking agent useful in practice of the invention. The 
preferred concentration is from 10% to 50% by weight of 

5 the protein concentrate. These materials are believed 
to have a protein-sparing effect , as does high fructose 
syrup, although the latter is not as efficient as the 
former in this regard. It will be appreciated that 
these blocking agents are carbohydrates and hence are a 
10 source of calories, a factor which may mitigate against 
their selection for use in applications such as reduced 
calorie foods. 

The vegetable gum pectin is another suitable 
aggregate blocking agent for use in the present inven- 

15 tion. Citrus pectin is preferred in fruit flavored end 
products while "clean" flavored end products such as 
vanilla ice cream analogs should advantageously use 
pectin derived from non-citrus sources, e.g., apple 
pectin. Also, in end products or cream substitute 

20 ingredients which contain calcium (milk products) the 

pectin employed as an aggregate blocking agent should be 
pectin which does not gel in the presence of calcium. 

Hydrated lecithin and hydrated xanthan gum 
exemplify the differing effects of different blocking 

25 agents. Both impart lubricity to the mouth feel of the 
final product. Lecithin, however, being a slightly less 
effective blocking agent, produces a slightly larger 
average size macrocolloid particle. Those macrocolloid 
particles produced with xanthan aggregate blocking 

30 agent, however, are smaller and smoother particles. 
Both of the foregoing have a whitening effect on the 
final product in that they seem to assist in creating a 
more uniformly dispersed system thereby increasing the 
light scattering effect which is perceived as white- 

35 ness. Combinations of aggregate blocking agents also 
have been found to have useful attributes. It is pre- 
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ferred to use a combination of pectin and lecithin as 
aggregate blocking agents in the preparation of egg 
white/caseine micelle cream substitute ingredient des- 
cribed herein. 

5 Other optional ingredients such as salts and 

end product components including suitable flavors , 
colors and stabilizers may generally be present in or 
added to the solution without adverse effect. In many 
cases (i.e./ where the nature of the additive and its 

10 influence on the protein solution permits)/ it may be 
particularly desirable to include such end product com- 
ponents in the protein solution in order to avoid the 
need for subsequent, additional pasteurization steps 
following processing . 

15 Protein starting materials may optionally be 

treated to remove cholesterol/ fat and other impurities 
which may introduce off-tastes to the macrocolloid 
product. One such procedure comprises an extraction 
step wherein the protein material is contacted with a 

20 food-grade solvent which is preferably ethanol in the 
presence of a suitable food-grade acid. The protein 
material is then subjected to several wash and filtra- 
tion steps to render the extracted protein product. 

Suitable solvents include lower alkanols, 

25 hexane or the like, with ethanol being particularly 
preferred. Suitable food-grade acids include mineral 
acids such as phosphoric/ and food grade organic acids 
such as acetic, citric, lactic, and malic with citric 
acid being particularly preferred. 

30 The extraction procedure is particularly use- 

ful for the removal of cholesterol and fat from protein 
sources such as whey protein concentrate. In preferred 
extraction procedures providing optimal elimination of 
fat and cholesterol, the whey protein concentrate is 

35 extracted at 52°C for six hours with a mixture of 90-97% 
alcohol (preferably about 90% ethanol), 3-10% water 
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(preferably about 9%) and about 0.01-0.20% acid (pref- 
erably about 0.084% citric acid). In alternative prac- 
tices providing highly desirable flavor and processing 
characteristics , the whey protein concentrate is extrac- 
5 ted at 40°C for four hours with a mixture of ethanol, 
water and citric acid with respective concentrations of 
94.95, 5.0 and 0.05 percent. According to such proce- 
dures, whey protein concentrate comprising as much as 
4.0% fat and 0.15% cholesterol prior to the extraction 

10 step comprised less than 2% fat and less than 0.02% 
cholesterol after such an extraction step. 

Once the heat denaturation process is com- 
pleted, the product may, optionally, be subjected to a 
homogenization treatment. Such a treatment is desirable 

15 in the case of products which are dilute (i.e., having a 
lower protein concentration) and/or neutralized, such as 
coffee whiteners for example. This treatment is useful 
in disrupting the relatively loose, inter-particle 
associations which occasionally form during process- 

20 ing. While not aggregated, (i.e., not fused into par- 
ticles of substantially larger than 2 microns in 
diameter) those of the macrocolloids which are asso- 
ciated with one another (i.e., usually in doublets or 
triplets) are nonetheless organoleptically perceived as 

25 single composite particles which cannot be differen- 
tiated from aggregates on the basis of their respective 
mouth feels. The homogenization treatment divides these 
associations of particles into individual macrocolloidal 
particles having the desired mouth feel attributes. The 

30 homogenization treatment of dilute products having low 
macrocolloid concentrations (e.g., coffee whiteners) is 
preferably carried out at about a pH of 6 to 7 . At such 
pH values, the distribution of electrical charges on the 
surfaces of the macrocolloids helps maintain an even 

35 dispersion of the macrocolloids in the aqueous medium. 
While any of the traditional homogenization treatments 
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known in the art may be employed to this end, reasonable 
care must be taken to avoid exposing the macrocolloidal 
particles to such elevated temperatures as may cause 
them to aggregate to larger particles. 
5 Particle size testing provides a measure of 

organoleptic quality of the products of the present 
invention. One of the simplest and most rapid of the 
techniques involves the preparation of an optical slide 
in a manner which is analogous to the preparation of 

10 clinical blood smears. Pursuant to this method, ten 

(10) grams of a paste-like food sample is weighed into a 
Waring blender and 190 grams of distilled water is added 
to make a 5% solution. The solution is then blended at 
high speed for 2 minutes and then pH-ad justed to 6.75- 

15 7.0. The sample is then subjected to high speed mag- 
netic stirring during sonication for 1 minute using a 
probe sonicator (Braunsonic Model 2000 Sonicator, 
Burlingame, CA) . This procedure breaks up any weak 
associations that might exist between the individual 

20 macrocolloid particles. The solution is then diluted 
further with deionized water to between 0.25% and 0.50% 
depending on particle concentration. This solution is 
then placed in an ultrasonic bath (Branson 2200 
Ultrasonic Bath, Shelton, CN) for 1 minute immediately 

25 before slide preparation. 

After shaking by hand for 10 seconds, 20 yl of 
the sample, as prepared above, is placed on the center 
of a microscope slide which has been placed in a Corning 
slide spinner. The slide is spun immediately after the 

30 sample has been placed on the slide. As soon as the 
slide is dry, usually within about 30 seconds, it is 
ready for microscopic evaluation. 

The sample is observed with a Zeiss Axiomat 
Microscope equipped with a halogen light source (Zeiss, 

35 Thornwood, NY) and a Dage MTI video camera (Michigan 

City, IN) and camera control using a SOX objective and a 
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total magnification ranging between 1000 and 1600. The 
system is only capable of performing quantitative 
analysis on particles with diameters greater than about 
0.25 microns. For this reason, all statistical measures 
5 of particle size herein, unless otherwise noted, refer 
to particles having major dimensions exceeding 0.25 
microns. Nevertheless, particles between about 0.10 
microns and about 0.25 microns may be viewed by an 
observer and their presence is routinely noted. 

10 Numerous fields (15 to 25) are scanned to subjectively 
evaluate the overall size and shape homogeneity/hetero- 
geneity of the sample. Subsequent to qualitative evalu- 
ation of the sample, a field is chosen which appears to 
be representative of the entire sample. This image is 

15 then projected on a high resolution black and white 

television monitor (Lenco, Jackson, MO) for quantitative 
analysis. 

The image on the television monitor is first 
digitized and is then translated from the television 

20 monitor to the computer monitor. During this digitiza- 
tion/translation step, the image is slightly reduced 
with the side effect that some of the particles that 
were separate on the original image become fused 
together and are thus not representative of the true 

25 particles. These apparently fused particles are then 
carefully edited out by comparing the old (television 
monitor) image to the new (computer monitor) image. 

Approximately 250 ± 50 particles are typically 
measured in one field. As many fields are scanned as 

30 are necessary to include 500 particles in the evalua- 
tion. Initially the number of particles in the image is 
determined along with their corresponding lengths and 
breadths. From this data, two additional variables, 
equivalent spherical (E.S.) diameter and volume, are 

35 calculated as follows: 
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E.S. Diameter = (B 2 x L) 1 / 3 
E.S. Volume = 4/3 n B 2 L. 

Where B equals breadth and L equals length. 

5 

When E.S. Diameter and Volume have been deter- 
mined for the entire distribution of particles in the 
image, number-weighted (D n ) and volume weighted (D v ) 
mean E.S. diameters are calculated. D n is a number 

10 averaged particle size diameter which is calculated by 
summing the diameter of all particles in the distribu- 
tion and dividing by the total number of particles. The 
D y (volume weighted mean diameter) weights each particle 
in relation to its volume and thus provides an indica- 

15 tion of where the mean diameter lies on the basis of 
volume or implicitly of mass. Maximum Diameter (D max ) 
is simply the diameter of the largest particle present 
in the microscopic field. 

This data can be plotted in the form of a 

20 histogram plot with E.S. diameter on the abcissa as a 

function of the number of particles as well as volume of 
particles. From these data, the percentage of particle 
volume over 2 microns as well as the maximum particle 
size diameter can also be directly determined. 

25 In another aspect of the present invention, 

spheroidal particles described hereinbefore are produced 
by coagulating or denaturing a readily coagulable 
protein (preferably one which coaulates at a temperature 
of 85°C or less), such as egg white protein (EWP), 

30 bovine serum albumin (BSA) and defatted whey protein, in 
the presence of a nucleating agent whereby the 
coagulable protein denatures around and envelops the 
nucleating agent, resulting in spheroidal particles 
having a core/shell configuration wherein the core is 

35 the nucleating agent and the shell is the denatured 
coagulable protein. The core or nucleating agent may 
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occupy less than about 90 percent of the volume of the 
resultant spheroidal particle and usually occupies less 
than about 50 percent by volume of the particle. The 
* " balance of the particle is comprised of the denatured 
5 protein, e.g., denatured egg white protein. 

It has been found that the particle formation 
can be conducted at a near neutral pH, i.e., above the 
midpoint of the isoelectric curve of the protein, when 
the protein is denatured in the presence of a nucleating 
10 agent. The coagulable proteins which will denature into 
macrocolloid particles are those proteins which are 
readily coagulable, i.e., egg white protein and bovine 
serum. Sweet whey protein concentrate does not form a 
core shell configuration with a nucleating agent (casein 
15 micelle) because the whey protein has a higher coagula- 
tion temperature. 

The nucleating agent (NA) may be any organic 
or inorganic microparticulated substance having a size 
smaller than the desired size of the proteinaceous 
20 macrocolloidal end product particles to be employed as a 
fat/cream substitute. Usually the nucleating agent is 
also spheroidal in shape although such a shape is not 
critical, especially when the nucleating agent is to 
comprise less than about 25% by volume of the end 
25 product macrocolloid fat/cream substitute particles. 
The nucleating agent serves as a seed to promote egg 
white protein particle formation around the nucleating 
agent. 

Suitable nucleating agents include casein 
30 micelles, microcrystalline cellulose, silica, reduced 

iron, zein and water insoluble proteins. The nucleating 
agent is a colloidal form, such as colloidal iron, 
colloidal zein, colloidal proteins and colloidal fumed 
silica. Mixtures of different nucleating agents can 
35 also be employed. A preferred nucleating agent is 
micellular casein. 
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Egg white protein is a preferred coagulable 
protein for preparing a core/shell configured par- 
ticle. Egg white protein/nucleating agent ("EWP/NA") 
particles according to the invention are prepared by 
5 processing the EWP in the presence of the nucleating 
agent at elevated temperatures under shear condi tions 
described herein to form macrocolloidal proteinaceous 
particles suitable for use as a fat/cream substitute- 
While the midpoint of the isoelectric curve of egg white 

10 protein is pH 4.5 to 5.5, the pH in the denaturation 
medium can be increased above the midpoint in the iso- 
electric curve to between about 6 and 7 and preferably 
to between about 6.2 and 6.6. The total protein content 
of the mixture subjected to processing is usually 

15 between about 5 and about 20 percent by weight. Poly- 
hydric compounds (lactose) and aggregate blocking agents 
are also optionally employed. 

In one preferred embodiment of the present 
invention, spheroidal protein particles are made from a 

20 combination of egg white protein and a source of sub- 
stantially non-aggregated or native casein micelles as 
the nucleating agent. These egg white protein/casein 
micelle ("EWP/CM") particles are made by heating a mix- 
ture of egg white protein and a source of casein 

25 micelles under shear condi tions described herein- 
before. Unlike the case wherein macrocolloid particles 
are formed from egg white protein in the absence of a 
nucleating agent (see, Example 3, infra), it has been 
found though that the EWP/CM protein particles can be 

30 formed at a pH above the midway point of the egg white 
protein isoelectric curve (see Examples 6 and 7, 
infra ) . 

Casein micelles, the presently preferred 
nucleating agent, are naturally occurring spheroidally 
35 shaped protein particles present in mammalian milk and 
generally have a diameter of from 0.1-0.4 microns. Any 
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source of casein micelles is acceptable in practicing 
the present invention but cow's milk is preferred 
because casein micelles are present in high concentra- 
tion* Skim milk, condensed skim milk and ultraf iltered 

5 skim milk are especially preferred because these will 
have reduced amounts of fat which is desirable for 
applications of fat/cream substitute. 

The total protein content of the reaction 
mixture subjected to heat and shear conditions in form- 
10 ing EWP/CM particles is usually between about 15 and 

about 20 percent by weight but the total protein and the 
ratio of egg white protein to casein micelle protein are 
not critical. The egg white usually contributes from 
about 25 to about 99 percent of the total protein while 

15 the casein micelle source may contribute from about 1 to 
about 75 percent of the total protein, and preferably 
from about 1 to about 40%. Desirably concentrated egg 
white and a concentrated source of casein micelles are 
employed. Therefore r freeze-dried egg whites and ultra- 

20 filtered egg whites are preferred egg white sources and 
condensed skim milk and ultraf iltered skim milk are 
preferred casein micelle sources. 

The EWP/CM protein particles are preferably 
prepared in the presence of a polyhydric compound and an 

25 aggregate blocking agent, both described hereinbefore. 
Preferably the combination of sucrose and lactose (from 
condensed skim milk sources) constitutes the polyhydric 
compound component and a combination of lecithin and 
pectin constitutes the aggregate blocking agent com- 

30 ponent. Food grade acids may be employed to adjust the 
pH and water is employed to adjust the concentration of 
ingredients. When ultraf iltered egg white and condensed 
skim milk are employed to make the EWP/CM protein par- 
ticles a typical reaction mixture would be as follows: 

35 ultraf iltered egg white protein, 40-60 weight percent 
(providing protein in an amount of 8-12 percent of the 
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total mixture weight); condensed skim milk, 10-33 weight 
percent (providing protein in an amount of 1-4 percent 
of the total mixture weight); cane or corn sugar, 0-10 
weight percent; pectin of vegetable origin, 0-0.5 weight 
5 percent; lecithin, 0-1.0 weight percent; food grade 

acid, 0-0.3 weight percent (to adjust the pH to 6 to 7); 
and water, q.s. for 100 weight percent. 

FIG. 1 and 1A illustrates a preferred embodi- 
ment of a procedure for the preparation of EWP/CM pro- 

10 tein particles providing a fat replacing ingredient 
according to the invention. The time, temperature, 
pressure and pH conditions for each step are listed in 
FIG. 1 and 1A and correspond to the circled letters in 
the flow diagram. In this emodiment, a sugar and gum 

15 aggregate blocking agent, such as pectin or guar, are 
dry blended in a conventional dry blending device 1 to 
give a Pre-Mix A. Pasteurized liquid egg white is 
ultraf iltered in conventional ultrafiltration equipment 
3, preferably having a polysulfone membrane with a 

20 nominal molecular weight cut-off of about 10,000 which 
yields a concentrated egg white ( Pre-Preparat ion B) with 
a protein concentration of 15-25% by weight. Lecithin 
is hydrated in purified water (reverse osmosis) in a 
well mixed tank under vacuum 5 to give Pre-Mix C. A 

25 dilute solution of a food grade acid, such as lactic 
acid or citric acid, is prepared with purified water 
(Pre-Mix D) . 

Pre-Mix A is hydrated in purified water using 
a high-shear in-line or batch mixer 2. Pre-Preparation 

30 B and condensed skim milk are added to the hydrated Pre- 
Mix A in a sanitary batch tank 4 to bring the protein 
concentrations to the desired level, i.e., 10-20% total 
protein. Pre-Mix D is added to the batch tank to adjust 
the pH to between 6.0 and 7.0 and preferably to 

35 6.2-6.6. Pre-Mix C is added to the batch tank resulting 
in a prepared protein solution 11 which is ready for 
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heat processing under shear conditions to form EWP/CM 
protein particles useful as a fat/cream substitute food 
ingredient . 

The prepared protein solution 11 is deaerated 
5 in a sanitary deaerator 6 to reduce dispersed and 

dissolved oxygen to a minimum. The heat/shear process 
can be accomplished in a single high shear heat 
processor but it is preferably conducted in two units 
employing a preheater 7 and a high shear heat processor 

10 8o The preheater 7 is used to raise the temperature of 
the prepared protein solution to 120-170°F (48-77°C) and 
preferably to 140-165°F (60-74°C) so that the tempera- 
ture rise in the high shear heat processor 8 yields an 
outlet temperature suitable for pasteurization, i.e., 

15 176-186°F according to U.S. Food and Drug Administration 
(FDA) guidelines. The material exiting the high shear 
heat exchanger 8 is cooled in conventional heat 
exchanger 10 to a temperature between 35-40°F 
(1.5-4.5°C) within a few minutes. The resulting macro- 

20 colloidal EWP/CM protein particle product is suitable 
for use as a fat or cream substitute ingredient. The 
above-described process for making EWP/CM protein par- 
ticles is preferably performed adjacent to a food 
processing line where the protein cream substitute may 

25 be delivered in-line to a food manufacturing line. 
Alternatively, if the resulting material is to be 
shipped or stored for future use, a holding tube 9 is 
inserted into the process between the high shear 
processor 8 and the cooler 10 so that the product can be 

30 passed through the holding tube 9 for a time sufficient 
to achieve pasteurization of the EWP/CM cream substi- 
tute. After pasteurization, the product is cooled and 
stored at 35-40°F. 

When the high shear heat exchanger 8 is the 

35 apparatus described in previously mentioned U.S. Patent 
Application Serial No. 127,710, then a blade rpm rate of 
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between about 3,000 and 10,000 and preferably from about 
5,000 to about 7,500 rpm is sufficient to result in a 
product which has the consistency and mouthfeel of heavy 
cream ( f at ) • 

5 Examination of electron micrographs suggests 

that the EWP/CM protein particles are predominantly 
comprised of particles having an inner core of casein 
micelle and an outer shell of denatured egg white 
protein. A minor portion of the protein particles are 

10 denatured egg white protein particles and agglomerated 
casein micelle particles. In some instances more than 1 
casein micelle will be found within the coagulated 
protein particle. 

Referring to FIG. 2, EWP/CM protein particles 

15 21 are shown to have a core of one or more casein 

micelle particles 23 (seen as dark bodies inside the 
particles) and a shell of denatured egg white protein 25 
(seen as the lighter outer portion of the particles). 
The EWP/CM protein particles of FIG. 2 were prepared 

20 employing substantially the same procedure as described 
in Example 7 below . FIG. 3 shows EWP/CM protein par- 
ticles 31 which were prepared by an in situ process 
according to the procedures described in Example 6. It 
is noteworthy that in FIG. 3 the denatured EWP shell 35 

25 generally occupies less of the total volume of the 

particles relative to the casein micelles 33 than in the 
EWP shells of the particles of FIG. 2. The core/shell 
configuration of protein particles is seen more dramati- 
cally in FIG. 4 which is a micrograph of a frozen 

30 dessert employing a cream substitute of Example 7. The 
casein micelle core 41 is readily seen in various par- 
ticles while the lighter, less dense, shell portion 43 
of these particles is denatured EWP. Also apparent in 
FIG. 4 are casein micelles 45 which possess no EWP 

35 shell. FIGS. 2 through 4 may be compared with FIG. 5, 
an electron micrograph of a super premium ice cream 
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("16% butterfat). In FIG. 5, the relatively large white 
circles represent fat globules and the small dark bodies 
53 are casein micelles. 

The EWP/CM protein particles form a macro- 
5 colloid useful as a fat/cream substitute ingredient for 
frozen desserts and additionally in mousses, sauces, 
dips, cream pie fillings, icings and similar food 
products which normally contain cream. The EWP/CM 
macrocolloid is substituted for the cream in these food 
10 formulations by merely substituting the macrocolloid for 
the cream during the manufacturing process. Usually, 
EWP/CM cream substitute ingredient is substituted for 
heavy cream on about a 1:1 wet ratio basis. This 
represents a substitution of about 1 gram of protein for 
15 about 3 grams of fat/cream because the EWP/CM cream 
substitute has water, polyhydric compounds, aggregate 
blocking agents and other ingredients present in it. 
The optimum amount of EWP/CM cream substitute to be 
employed for a given food application can be readily 
20 determined by one skilled in the art by conducting 
routine sensory evaluations. 

The EWP/CM protein particles will generally 
have a diameter of from about 0.1 to about 3 microns and 
preferably a mean diameter of from about 0.5 to about 
25 2.5 microns to achieve the mouthfeel of fat/cream. It 
is also desirable to have the EWP/CM particles present 
in frozen foods in quantities of at least 1 x 10 8 par- 
ticles per cc of the final food product and preferably 
between 1 x 10 8 and 1 x 10 12 , or more par ticles/cc . 
30 The following examples relate to preferred 

methods and procedures for the preparation of macro- 
colloids for practice of the present invention. Example 
1 relates to a preferred method for the production of 
macrocolloid material extracted from whey materials. 
35 Example 2 relates to the production of macrocolloid 

material from bovine serum albumin. Example 3 relates 
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to the production of macrocolloid material from egg 
white albumen while Example 4 relates to the use of soy 
protein to form macrocolloid materials ♦ Example 5 
relates to preparation of ice cream-like frozen desserts 
5 wherein macrocolloid products such as those of Examples 
1-4 are incorporated in ice cream premix formulations in 
place of the butterfat component ordinarily incor- 
porated. Example 6 relates to ice cream-like products 
prepared from premixes wherein heat coagulable protein 

10 are included and denatured protein particles in appro- 
priate numbers and within the desired size ranges are 
formed in situ during pasteurizing/blending processing 
of the premix. Example 7 relates to a preferred method 
of preparing an egg white/casein micelle cream substi- 

15 tute ingredient of the present invention. Example 8 
relates to a frozen dessert which contains the cream 
substitute of Example 7 as a replacement for heavy 
cream. Example 9 relates to an optimization study for 
use of the Example 7 product in an ice cream-like 

20 product. These examples should not be construed as 
limiting the scope of the present invention. 

EXAMPLE 1 

An extraction procedure was carried out for 
25 the removal of fat and cholesterol from the whey protein 
concentrate (WPC) protein source prior to denaturation 
processing. More specifically, a reactor was charged 
with 181 kg of absolute ethanol (Lot Nos . 16468x, 
16995x, Aaper Alcohol & Chemical Co., Shelbyville, 
30 KY). Water (8.58 kg) and 10% citrus acid solution (954 
grams, Miles, Elkhart, IN) were then- added and the solu- 
tion was agitated for about two minutes. The pH of the 
solution was then measured to confirm that it was pH 
5.0±0.5. 

35 One hundred and forty pounds (63.5 kg) of whey 

protein concentrate WPC-50 (lot 6302-2 Fi-eldgate, 
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Litchfield, MI) was then added to the reactor and the 
reactor was sealed. Steam was then admitted to the 
reactor jacket and the reactor temperature was main- 
tained at 40°~42°C for 4 hours. The protein slurry was 
5 removed from the reactor and filtered on a continuous 
belt filter allowing the cake thickness to reach 1 
inch. The collected cake weighed 116 kg. The reactor 
was charged with 127 kg of 95% ethanol and the wet cake 
was added to the reactor to form a slurry which was 

10 mixed for 20 minutes. The slurry was then removed, 
filtered as before, and the collected cake was again 
added to the reactor charged with 127 kg of 95% 
ethanol. The slurry was mixed for 20 minutes and was 
then filtered with care taken to remove as much liquid 

15 as possible. The wet cake weighed 104.5 kg. 

The wet cake was then placed in trays to a 
uniform depth of 1 inch or less. The material was then 
dried under vacuum for 12 hours at temperature of 
45° ± l°C f providing 51.5 kg of WPC material for a yield 

20 of 80.9%. Calculating that approximately 3.5 kg of 

material had been lost in the dryer, the percentage of 
volatiles in the initial wet cake was calculated to be 
47.4%. 

The resulting material had a protein concen- 
25 tration of 56.91% and a solubility of 93% measured 

according to the solubility determination method des- 
cribed above. The protein was then employed to make up 
a formulation which included lecithin ("Lecigran F" , 
Riceland, Little Rock, AR) , 37% Food Grade hydrochloric 
30 acid ( J.T . Baker , Phillipsburg , NJ) , xanthan ( "Keltrol 
T", Kelco, San Diego, CA) and water. 



35 



BNSDOCID: <WO 8 905587 A2J_> 



WO 89/05587 



t 

- 33 - 



PCT/US88/04120 



TABLE 1 
Whey Protein Formulation 

Ingredient I Wt. (g) 

WPC-50 34.500 690.00 

Lecithin 0.932 18.64 

Hydrochloric Acid 1.590 31.80 

Xanthan 0.186 3.72 

Water 62.792 1255.00 

100.000 2000.00 



10 



The components of the formulation listed in 
Table 1 above were added to a high shear mixer and de- 

15 aerator (Kady Mill, Scarborough, ME) in the following 
order: water, hydrochloric acid, lecithin, xanthan and 
whey protein concentrate. The mixture was deaerated, 
with care taken to minimize the conversion of mechanical 
energy to heat, before being introduced into batch pro- 

20 cess apparatus of the previously mentioned U.S. Patent 
Application Serial No, 127,710 (Attorney's Docket No. 
10057). The processing vessel was then filled with the 
premix which had a pH of 4.15, sealed and the tempera- 
ture recorder was turned on. The motor was activated, 

25 and the speed of the blade was adjusted to 5,080 rpm. 
After a few seconds, heating fluid with a temperature of 
100°C was circulated through the jacket of the vessel. 
The product reached a temperature of 122°C in 4.3 
minutes, at which time the heating fluid was displaced 

30 by a flow of cold water which cooled the product to 40°C 
within 2 minutes. 

The product obtained from the above process 
was then evaluated for its organoleptic and physical 
characteristics. The product had a smooth and creamy 

35 consistency with 64% of the protein converted to macro- 
colloid particles with 0% of the produced particles 
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having dimensions exceeding 3 microns. The spherical 
particles had a volume-weighted mean diameter (D v ) of 
0.99 microns, a mean particle size diameter (D n ) of 0.78 
microns and a maximum diameter (D max ) of 1.50 microns. 

5 

EXAMPLE 2 

In this example, bovine serum albumin (BSA) 
was used to produce a protein macrocolloid product. 
Bovine serum albumin identified as "Bovine Albumin, 

10 Fraction V" was obtained from U.S. Biochemical Corp. 

(Cleveland, OH). The material was a lyophilized powder 
with a 97% protein content and a solubility of 99% 
according to the solubility determination method des- 
cribed above. Other formulation ingredients included 

15 lecithin ("Lecigran F" , Riceland, Little Rock, AR) , 37% 
Food Grade hydrochloric acid (J.T. Baker, Phillipsburg , 
NJ), Xanthan ("Keltrol T", Kelco, San Diego, CA) , 
lactose (alpha-lactose monohydrate, Sigma St. Louis, MO) 
and water. 



20 



TABLE 2 



Bovine Serum Albumin Formulation 

Ingredient % wt . (g) 

BSA 13.080 121.64 

25 Lecithin 2.100 19.53 

Hydrochloric Acid 0.770 7.16 

Xanthan 0.200 1.86 

Lactose 7.560 70.31 

Water 76 . 290 709 . 50 

30 100.000 930.00 



The formulation listed in Table 2 above was 
35 prepared in a high shear mixer and deaerator (Kady Mill, 
Scarborough, ME) with the xanthan gum having been pre- 



BNSDOCID: <WO 8905587A2J_> 



WO 89/05587 



PCT/US88/04120 



- 35 - 

hydrated. In order, water, hydrochloric acid, lecithin, 
xanthan, lactose and BSA were added to the mixer and the 
mix was deaerated before being introduced into the pro- 
cessing apparatus as in Example 1. The processing 
5 vessel was filled with the premix which had a pH of 
4.19, sealed and the temperature recorder was turned 
on. The motor was activated, and the speed of the blade 
was adjusted to 5,080 rpm. After a few seconds, heating 
fluid with a temperature of 80°C was circulated through 

10 the jacket of the vessel. 

The product reached a temperature of 126°C in 
4.8 minutes, at which time the heating fluid was dis- 
placed by a flow of cold water. The product was cooled 
to 40°C within 2 minutes. The shear rate of this pro- 

15 cesser is reflected in the 46°C difference between the 
temperature of the product and the temperature of the 
heating fluid. This additional heat had been derived 
from the conversion of mechanical energy to heat at the 
rate of about 380 J/sec. 

20 The product obtained from the above process 

was then evaluated for its organoleptic and physical 
characteristics. The product had a thick consistency 
similar to the macrocolloid material produced from whey 
protein concentrate, and a creamy texture with high 

25 lubricity. 71% of the protein had been converted to 

macrocolloidal particles. The particles were dominantly 
spheroidal although some rod-like and fibrous particles 
persisted. These rods and fibers having dimensions 
exceeding 3 microns accounted for 2.25% of the particles 

30 by number. When the rods and fibres were excluded from 
the microscopy-image analysis, the spheroidal particles 
had a volume-weighted mean diameter (D y ) of 1.03 
microns, a mean particle size diameter (D n ) of 0.66 
microns and a maximum diameter (D max ) of 1.75 microns - 

35 
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EXAMPLE 3 

In this example , egg white albumen was used to 
produce a protein macrocolloid product • It was deter- 
mined that a combination of fresh egg white and spray 
5 dried egg white would produce the desired product. 

Fresh egg white was separated manually on the day the 
premix was prepared from fresh eggs purchased locally. 
This egg white was determined to include 98% soluble 
protein but the protein concentration was less than 

10 10%. Due to the initial protein concentration/ process- 
ing of fresh egg white alone, can give rise to stringy 
masses of denatured protein product. Spray dried egg 
white was obtained from Henningsen Foods (White Plains, 
NY) (Type P-110 egg white solids) with 80% minimum pro- 

15 tein. The protein solubility of the spray dried egg 
white powder was only 83% and processing of this mate- 
rial alone can generate an unacceptable number of over- 
size particles. In order to avoid the limitations of 
using each of the materials alone, the fresh and spray 

20 dried egg white materials were combined to provide a 
suitable egg albumen protein source. 

Lecithin, xanthan, hydrochloric acid and lac- 
tose. were obtained from the sources cited in Example 1 
and were utilized in the amounts listed in Table 3 

25 below. 



30 



35 
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TABLE 3 

Egg White Albumen Formulation 
Ingredient % 



Wt. (g) 



Fresh Egg white 
Spray Dried Egg White 
Lecithin 
Xanthan 

Hydrochloric Acid 
Lactose 



10 



70.21 
13,44 
2.97 
0.30 
2.37 
10.71 
100.00 



1168.92 
223.72 
49.54 
4.95 
39.43 
178.35 
1664.91 



Fresh egg white, lecithin, xanthan, lactose, 
15 spray dried egg white and hydrochloric acid were added 
in sequence and in the amounts specified in Table 3 to a 
high shear mixer where they were mixed and deaerated. 
The resulting premix had a pH of 3.6 and was introduced 
into the processing apparatus as in Example 1. The 
20 processing was carried out with a bath temperature of 
80°C and was continued for 4.33 minutes with the blade 
speed set at 5,080 rpm. The maximum product temperature 
was 125°C. 

The product obtained from the above procedure 
25 was thick and creamy. 88*9% of the protein had been 
converted to macrocolloidal particles which had a pro- 
nounced tendency to loosely aggregate. Particle size 
analysis showed that the particles were within the 
desired size range with a D v = 1.22 microns and with 4% 
30 of the particles over 2 microns. Substantially all 
particles were spheroidal. 

EXAMPLE 4 

In this example, soy protein was used to pro- 
35 duce a protein macrocolloid product. Soy protein was 
obtained from Ralston Purina ( SN 1631-32-1, St. Louis, 
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MO) which had a protein content of 61.4% and a solu- 
bility of 81% according to the method cited above. 
Lecithin, xanthan, hydrochloric acid and lactose were 
obtained from the sources cited in Example 1 and were 
5 utilized in the amounts listed in Table 4 below. 

TABLE 4 
Soy Protein Formulation 

Ingredient % Wt. (g) 

10 Soy Protein 22.036 99.16 

Lecithin 3.000 13.50 

Xanthan 0.100 0.45 

Hydrochloric Acid 2.196 9.88 

Lactose 10.800 48.60 

15 Water 61.868 278.41 

100.000 450.00 



20 The mix was prepared by adding water, hydro- 

chloric acid, lecithin, xanthan, lactose and soy protein 
in sequence to a high shear mixer where they were mixed 
and deaerated. The resulting premix had a pH of 3.74 
and was introduced into the processing apparatus of 

25 Figure 1. The bath temperature was kept at 110°C. 

Heating was continued for 4.30 minutes with the speed 
set at 5,080 rpm. The maximum temperature reached by 
the product was 119°C. 

The product developed a light tan color during 

30 cooking and was smooth, creamy, and thick with a some- 
what beany taste typical of soy products. 71% of the 
protein was converted to macrocolloidal particles. 
Particle size analysis showed that the particles were 
within the desired size range, with a D v of 1.46 microns 

35 and a D max of 2.5 microns. Substantially all particles 
were spheroidal- 
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EXAMPLE 5 

An ice cream-like frozen dessert was produced 
utilizing whey macrocolloid product according to the 
5 following procedure. One hundred and forty pounds of 
WPC-50 whey protein concentrate (Fieldgate brand, First 
District Assoc, Litchfield, MN 55355, lot 6302-2) was 
subjected to the extraction procedure according to 
Example 1. One hundred and seventeen pounds of extrac- 

10 ted protein was recovered. The extracted whey material 
was 97.6% soluble (according to the method disclosed 
above), had a protein content of 56.7%, a fat content of 
1.9% and a cholesterol content of 53.1 mg/100 grams. 

The extraction-treated whey protein concen- 

15 trate was then mixed thoroughly in a blender with leci- 
thin ("Lecigran F" , Riceland, Little Rock, AR) , 37% Food 
Grade hydrochloric acid (J.T. Baker, Phillipsburg , NJ) , 
xanthan ("Keltrol T" , Kelco, San Diego, CA) and water in 
proportions according to Table 5 below to produce a 

20 protein premix with a pH of 4.28. 

TABLE 5 
Whey Protein Formulation 



25 



Ingredient 



Wt . 

(pounds ) 



WPC-50 
Lecithin 
30 Hydrochloric Acid (37%) 
Xanthan 
Water 



34.500 
0.932 
1.595 
0.186 

62.787 
100.000 



48.300 
1.305 
2.233 
0.260 

87.902 
140.000 



35 
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The protein premix was deaerated and charged 
at a rate of about 55 pounds per hour to a pair of 
votator scrape surface heat exchangers (3" x 12" } 
(Chemetron Corp., Louisville, KY) operated at 980 RPM. 
5 The product was introduced into the first heat exchanger 
at about 60°F and the temperature was steadily increased 
to about 190°F, whereupon the product was transferred by 
piping to the second heat exchanger for cooling to about 
70°F. The processing device was operated for about 

10 three hours and twenty minutes with samples taken for 
analysis at various times. The macrocolloid samples 
were subjected to size and other types of analysis with 
the results presented in Table 6 below. Viscosity was 
determined using a cone and plate viscosimeter (Haake, 

15 Saddlebrook, N.J.)- 



20 



25 



30 



35 
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Whey macrocolloid protein product produced 
coincident with sample 7 was then used to produce an ice 
cream-like frozen dessert. The "ice cream" formulation 
comprised 2 f 200 grams of whey macrocolloid product as a 
5 substitute for heavy cream in a formulation comprising 
condensed skim milk (30% solids) , sucrose (Bakers 
Special), stabilizer (Fanci Freeze 1065, Celanese Corp,, 
Louisville, KY.), sodium hydroxide solution and water. 
The ingredients of Table 7 were mixed in the 

10 following order. The sucrose and stabilizer were dry 
blended and added to a mixture of water (1,976.7 grams) 
and condensed skim milk while being subjected to high 
shear mixing to yield a sucrose/stabilizer/milk solids 
component. The whey macrocolloid was diluted with water 

15 (550 grams) and then combined under high shear mixing 
conditions with a diluted mix of sodium hydroxide and 
water (110 grams) to form a neutralized macrocolloid 
"cream". The final mixture was then formed by addition 
of the macrocolloid "cream" to the sucrose/stabilizer/- 

20 milk solids component . 

TABLE 7 
Ice Cream Formulation 

Ingredient % wt . (grams) 

25 Sucrose 19 .60 2,156 

Stabilizer 0.40 44 

Condensed skim milk 25.86 2,844.6 

Water 17.97 1,976.7 

Whey Macrocolloid 20.00 2,200 

30 Water 5.00 550 

NaOH solution (10%) 1.17 128.7 

Water 10.00 1100 



35 
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The mix was pre-heated to 135°F in a pasteur- 
izer (APV plate heat-exchanger, APV, Tonawanda, N . Y . ) , 
homogenized, pasteurized at 155°F for 30 minutes, cooled 
to 52°F and aged overnight prior to freezing. The "ice 
5 cream" mix was then flavored with sliced freeze dried 
strawberries and strawberry and vanilla flavor to 
produce a strawberry ice cream. The ingredients were 
mixed by hand in proportions according to Table 8. 

10 TABLE 8 

Strawberry "Ice Cream" Formulation 

Ingredient % Wt . (grams) 

Ice Cream Mix 98.23 4,400 

Strawberry Flavor 0.20 8.8 

15 Vanilla Flavor 0.10 4.4 

Sliced Freeze Dried Strawberries 1 . 47 " 66.0 

100.00 4,479.2 



20 The chilled mix was then charged into an auto- 

matic ice cream mixer (Coldelite, N.J.) and run for 
about 20 minutes, whereupon the product (at a tempera- 
ture of about 18°F) was removed. 

Two runs of the strawberry "ice cream" formu- 

25 lation were produced resulting in 2.9 gallons of 
finished strawberry "ice cream" characterized by a 
creamy (not icy) texture. The product was compared 
against each of two commercial ice cream products in 
blind comparisons by groups of 60 untrained panelists 

30 against two premium brands of strawberry ice cream each 
comprising approximately 14 to 16% butter fat. In com- 
parisons of texture, the overall appeal of the three 
products was roughly comparable, while in comparisons of 
creaminess, smoothness and texture, no significant 

35 difference was detected at the a = 0.05 significance 
level as may be seen in the results listed in Table 9 
below . 
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Three premium grade ice creams and one 
standard grade (supermarket brand) vanilla ice cream 
were subject to comparative analysis with a vanilla "ice 
cream" formulation prepared essentially according to 
5 Example 5, using a dairy whey macrocolloid as a complete 
substitute for milk fat. Results of the comparative 
analysis are set out in Table 10 below. 
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EXAMPLE 6 

A chocolate-favored ice cream-like frozen 
dessert according to the invention and involving iri situ 
formation of denatured protein particles was prepared 
5 through formulation of a premix of the ingredients set 
out in Table 11. 
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A dry blend of components E, H and I, and the 
sugar component, C, was prepared. The condensed skim 
milk, B, and water, D, were loaded into a Liquivertor 
mixing device and the dry blend and other dry ingre- 
5 dients, E , J, K and L were added with mixing to dissolve 
and disperse all components. The egg yolk, F , was 
thereafter added with continued mixing. When all com- 
ponents were well dissolved, the liquid egg white, A, 
was added and mixed briefly, followed by addition of the 
10 citrus acid solution, G, in a quantity sufficient to 
achieve a pH for the total mixture of from 6.2 to 6.5. 
After checking and adjustment of pH as required, the 
agitator was turned off. 

The premix formed above was then subject to 
15 pasteurization under high temperature short time (HTST) 
conditions with agitation and application of high shear 
forces by two alternate processes. More specifically, 
about one-third of the mix was initially warmed by 
charging into a 3" x 12" eccentric votator scrape sur- 
20 face heat exchanger operated at a speed of 450 RPM. 
Upon reaching the temperature of approximately 140°F, 
the mix was passed into a continuous apparatus as illus- 
trated in Figure 2 of copending U.S. Application Serial 
No. 127,710 with the speed of the blade set at approxi- 
25 mately 5,000 RPM. Upon attaining a temperature of 

approximately 180°F, the mix was passed through a 1/2" 
OD, 3/8" ID, insulated metal "holding" tube within which 
the mix temperature was maintained at about 176°F, the 
mean residence time of the mix passing through the tube 
30 being established at about 20 seconds. Post-pasteuriza- 
tion cooling of the mix was accomplished by passage 
through a first 3" x 12" eccentric votator scrape 
surface heat exchanger operated at about 1000 RPM to 
effect a temperature drop from 176°F to 80°F, followed 
35 by passage through a 3" x 12" concentric votator scrape 
surface heat exchanger operated at about 300 RPM to 
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effect a temperature drop to about 38°F. Flavorings, M 
and N, were than added and, after optional aging, the 
flavored mix was frozen in a conventional ice cream 
freezer. Use of a freezer unit equipped with a high 
5 displacement dasher and characterized by high freezing 
capacity is preferred. 

About two-thirds of the premix was subjected 
to high shear processing through use of the votator 
scrape surface heat exchangers alone. More specifi- 

10 cally, the mix was processed through a 3 M x 12" eccen- 
tric votator run at approximately 1000-1100 RPM to raise 
the temperature to approximately 180°F and the mix was 
thereafter passed through a holding tube as previously 
described, allowing for maintenance at 176°F for a mean 

15 time of 20-22 seconds. Passage through a second eccen- 
tric votator run at about 1000-1100 RPM allowed for a 
product temperature drop to about 60°C and final reduc- 
tion of product temperature to about 40°F was effected 
using the concentric votator run at about 300 RPM. 

20 Thereafter, the mix was subjected to further processing 
as above. 

Products produced by the two above high shear 
pasteurization processes were subject to sensory evalua- 
tion and the product of the first sensory evaluation and 
25 the product of the first alternative process was some- 
what preferred in terms of smoothness, creaminess and 
texture. 

Practice of the invention in developing frozen 
dessert products through -preparation of fat-free or 

30 substantially fat-free and coagulable protein rich pre- 
mixes generally involves provision of premixes which 
include up to 20 percent by weight protein, of which 
from 25 to 100 percent is provided in the form of a heat 
coagulable protein. The Table 11 formulation, for 

35 example, results in a premix which comprises 8.256 per- 
cent by weight protein. Of this protein, 4.20 percent 
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(derived from the condensed skim milk and Non Fat Dry 
Milk components) is essentially non-heat coagulable and 
4,056 percent (derived from the liquid egg whites) is 
heat coagulable. 
5 Analysis of the ice cream analog product for 

presence of denatured protein particles is accomplished 
as follows. A determination was made of the number of 
particles having diameters ranging from 0.1 to 3.0 
microns which would occupy a one cubic centimeter 
10 volume. the calculated values are set out in Table 12 
below. 



20 



30 



35 
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TABLE 12 



Calculated Number Of Particles That Occupy 
1 c.c. Volume By Different Particle Sizes 

5 

Micron Range Number of Particles Per c.c. 

0.0 - 0.1 1.53 x 10 16 

0.1 - 0.2 5.66 x 10 14 

0.2 - 0.3 1.22 x 10 14 

10 0.3 - 0.4 4.45 x 10 13 

0.4 - 0.5 2.09 x 10 13 

0.5 - 0.6 1.15 x 10 13 

0.6 - 0.7 6.95 x 10 12 

0.7 - 0.8 4.53 x 10 12 

15 0.8 - 0.9 3.11 x 10 12 

0.9 - 1.0 2.23 x 10 12 

1.0 - 1.1 1.65 x 10 12 

1.1 - 1.2 1.25 x 10 12 

1.2 - 1.3 9.80 x 10 11 
20 1.3 - 1.4 7.76 x 10 11 

1.4 - 1.5 6.26 x 10 11 

1.5 - 1.6 5.13 x 10 11 

1.6 - 1.7 4.25 x 10 11 

1.7 - 1.8 3.56 x 10 11 
25 1.8 x 1.9 3.02 x 10 11 

1.9 - 2.0 2.57 x 10 11 

2.0 - 2.1 2.22 x 10 11 

2.1 - 2.2 1.92 x 10 11 

2.2 - 2.3 1.67 x 10 11 
3 0 2.3 - 2.4 1.47 x 10 11 

2.4 - 2.5 1.30 x 10 11 

2.5 - 2.6 1.15 x 10 11 

2.6 - 2.7 1.03 x 10 11 

2.7 - 2.8 9.18 x 10 10 
35 2.8 - 2.9 8.25 x 10 10 

2.9 - 3.0 7.44 x 10 10 
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Product samples were subject to analysis using 
a Horiba particle size distribution analyzer (Model 
CAPA700, Horiba Ltd., Miyanohigashi Kisshoin Minami-Ku 
Kyoto, Japan) to determine the relative proportion of 
5 total particles (within the 0.1 to 3.0 micron range) for 
each micron range indicated in Table 12. 

Product samples were also subject to unltra- 
centrif ugation analysis using a Beckman Ultracentr if uge 
(Model No. L8-70M, Beckman Instruments, Inc., Palo Alto, 

10 CA.). More specifically, samples were diluted with 

water to develop 20% dispersions. These were shaken by 
hand and then sonicated for 30 seconds at 100 watts to 
uniformly disperse the diluted samples. Thereafter, the 
diluted samples were centrifuged at 25,000 RPM for 25 

15 minutes at 22°C using an SW 28 rotor. The volume of the 
supernatant was then measured and the volume occupied by 
the particles was determined by subtraction from the 
original volume to determine the percent of the 
original, undiluted, sample occupied by the particulate 

20 material. For any given sample, the number of particles 
within any particular size range may be determined by 
mutiplying the Table 12 value times the size distribu- 
tion percentage times the percent of the sample occupied 
by all particles as determined by ultracentr if ugation . 

25 As previously indicated, frozen dessert pro- 

ducts of the present invention are uniquely character- 
ized by the presence therein of denatured protein par- 
ticles with diameters within the range of 0.5 to 2.5 
microns in numbers in excess of 1 x 10 8 . It is pre- 

30 ferred that products of the invention include 1 x 10 9 
and up to 1 x 10 12 or more such particles. 

Electron microscopic analysis of particles 
formed in this example (Figure 3) indicates a core/shell 
conformation for a number of particles, with the shell 

35 of egg white protein comprising a thinner layer than 
present in particles form in practice of Example 7. 
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EXAMPLE 7 

The following components were employed in the 
preparation of an egg white/casein micelle cream sub- 
stitute food ingredient as described below: 

5 



10 



15 



20 



25 



30 



35 
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STEP A; PRE— PREPARAT ION 

The sugar and pectin were dry blended {Pre- 
Mix A) . Pasteurized liquid egg whites were ultra- 
filtered in a Dorr-Oliver Series S ultrafiltration 
5 system having a polysulfone membrane resulting in ultra- 
filtered egg whites having a 17% protein content (Pre- 
Preparation B). The lecithin was hydrated with reverse 
osmosis purified water in a STEPHAN^ vertical Cutter/- 
mixer VCM 12 R&D Model (Pre-Mix C) . A dilute solution 
10 of citric acid in reverse osmosis water was prepared 
(Pre-Mix D) . 

STEP B: BATCH MAKE-UP 

As shown in FIG . 1 and 1A, the sugar-pectin 

15 blend (Pre-Mix A) is hydrated in reverse osmosis water 
in a TRI— BLENDER® high shear mixer. Sufficient ultra- 
filtered egg white (Pre-Preparation B) and condensed 
skim milk are added to the hydrated sugar-pectin blend 
in a sanitary batch tank to bring the protein concentra- 

20 tions to the target levels shown above. A sufficient 
quantity of dilute citric acid (Pre-Mix D) was added to 
the mixture to adjust the pH of the mix to a pH of 
6.6, The hydrated lecithin (Pre-Mix C) was added to the 
mixture to complete the batch formulation. This batch 

25 formulation was deaerated in D-16 VERSATOR® deaerator to 
reduce dispersed and dissolved oxygen. 

STEP C: HEAT PROCESSING 

The batch formulation was pumped into a series 

30 of heat processing units to preheat the batch to a temp- 
erature between 120-160°F before the heat processing 
treatment. The batch formulation was then caused to 
flow through sanitary piping connections into the fluid 
process apparatus of previously mentioned U.S. Patent 

35 application Serial No. 127,170, filed on 2 December^ 

1987 at a flow ra,te of 120 lb/hr and at a temperature of 
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176-190°F. The fluid processor blade was set at 5,000- 
7,500 rpm to achieve an egg white protein/casein micelle 
(EWP/CM) microparticulated product having a desirable 
cream-like texture. The average residence time of the 
5 batch formulation in the fluid processor was about 30 
seconds. The resulting egg white/casein micelle fat 
substitute was used immediately (in-line) to make a 
frozen dairy dessert. When the frozen dairy dessert 
operation was complete, a holding tube was employed to 
10 pasteurize the egg white/casein micelle fat substitute 
according to FDA procedures, i.e., 177-190°F/25 sec. 
The pasteurized fat substitute was then cooled to 
35-40°F and stored at this temperature for future use. 

15 EXAMPLE 8 

The egg white protein/casein micelle fat sub- 
stitute made in Example 7 was employed has an ingredient 
instead of heavy cream in the preparation of ice cream- 
like frozen desserts (vanilla flavor). This frozen 

20 dessert was evaluated for its creamy texture and overall 
acceptability by a panel of consumers. Three commercial 
brands of vanilla ice cream were also evaluated by 
separate groups of consumers. The mean attribute 
ratings related to creaminess (creaminess, richness and 

25 smoothness) all showed this frozen dessert product to 
fall within the range of ratings observed for the 
commercial brands, both initially and after five days of 
cycled temperature storage . 

30 EXAMPLE 9 

An optimization study was conducted to deter- 
mine the amount of egg white protein/casein micelle fat 
substitute of Example 7 required in a frozen dessert 
which simulates the texture of a super premium ice 

35 cream, having about 16% butterfat. The best frozen 

frozen dessert made had the following balance of major 
components as listed in Table 14. 
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TABLE 14 



Component 
5 Total protein 
Sucrose 

EWP/CM fat substitute 
of Example 7 



Weight Percent (%) 
9.72% 
11.4% 

31.84%* 



10 ^Constitutes 38.8% of total protein 



It is readily apparent that the optimum amount 
of the egg white- protein/casein micelle fat substitute 

15 of Example 7 to mimic a super premium ice cream is about 
32% by weight the frozen dessert product. It is also 
readily apparent to one skilled in the art that the 
optimum amount of egg white protein/casein micelle fat 
substitute in a given application will vary according to 

20 several factors , such as, for example, that type of food 
product, the desired creaiuiness f the protein content of 
the egg white protein/casein micelle fat substitute 
ingredient, the particle size of the micropar ticular 
protein, the presence or absence of aggregate blocking 

25 agents, polyhydric compounds, and the like. Routine 

sensory experiments are conducted to determine the pre- 
ferred formulation for each food product category. 

Typical ice cream-like frozen dessert formula- 
tions employing the present egg white protein/casein 

30 micelle fat substitute ingredient of Example 7 will 
contain the components listed in Table 15 below. 



35 
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Sugar 


8-20 


10 . 0 


Egg yolk 


0-2 


0.9 


Stabilizers 


0-1 


0.4 


Corn syrup solids 


0-10 


8 


Starch 


0-1 


0 


Flavors* 


as required 


1.1 


Water 


balance 


balance 



15 



* May contain heavy cream or a fat as a carrier for 
fat-soluble flavoring agents. 

20 

Improved whipped frozen dessert products of 
the present invention as described above with respect to 
illustrative "ice cream" formulations are readily seen 
to constitute products possessing the physical and 

25 organoleptic character of full fat products but having 
substantially lower caloric content and higher quality 
(i.e., higher protein content) nutritional character- 
istics. While the above illustrative "ice cream" 
product formulations include sucrose as a sweetener, it 

30 will be understood by those of ordinary skill in the art 
that numerous high-potency alternative sweetener 
products such as aspartame, alitame, acesulfame K and 
sucralose may be employed (together with suitable bulk- 
ing agents, as required) as a substitute for sucrose in 

35 preparation of products according to the invention. 
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In a like manner, while the above illustrative 
"ice cream 11 formulations involve total replacement of 
milk fat with proteinaceous macrocolloid preparations, 
it will be understood that high quality products of the 
5 invention also include frozen desserts wherein the mac- 
rocolloid replaces only part (e.g., 50 percent) of the 
fat and/or oil ordinarily incorporated. Similarly, 
while "ice cream" products have been illustrated, the 
present invention may be advantageously applied to the 

10 preparation of reduced fat or non-fat (i.e., containing 
less than 1 percent fat) whipped frozen desserts such as 
ice milk, custard, sherbet, and the like, as well as to 
icings, spreads, sauces, dips, mousses, cream pie 
fillings and similar food products which normally con- 

15 tain cream. 

Numerous modifications and variations in prac- 
tice of the invention are expected to occur to those of 
ordinary skill in the art upon consideration of the 
foregoing descriptions of presently preferred embodi- 

20 ments thereof and, consequently, only such limitations 
as appear in the appended claims should be placed 
thereon. 

25 



30 
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WHAT IS CLAIMED IS: 

1. An improved frozen whipped dessert food- 
stuff wherein the improvement comprises the partial or 

5 total replacement of fat and/or oil by a macrocolloid 
comprising substantially non-aggregared particles of 
denatured protein having in a dry state a mean diameter 
particle size distribution ranging from about 0.1 
microns to about 2.0 microns , with less than about 2 

10 percent of the total number of particles exceeding 3.0 
microns in diameter, and wherein the majority of the 
said particles are generally spheroidal as viewed at 
about 800 power magnification under a standard light 
microscope, the particles in a hydrated state forming 

15 said macrocolloid having substantially smooth, emulsion- 
like organoleptic character. 

2. An improved foodstuff of claim 1 wherein 
said macrocolloid replaces dairy fat. 

20 

3. An improved foodstuff of claim 1 wherein 
said macrocolloid replaces greater than 50 percent of 
the fat and/or oil. 

25 4 . An improved foodstuff of claim 1 wherein 

said macrocolloid totally replaces fat and/or oil. 

5. An improved foodstuff of claim 1 which is 
an analog of ice cream containing less than one percent 

30 fat. 

6. An improved foodstuff according to claim 1 
wherein the macrocolloid comprises a denatured protein 
selected from the group consisting of dairy whey 

35 protein, egg albumen, soy and bovine serum albumin. 
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7. A method for preparing a low calorie 
frozen whipped dessert, said method comprising partially 
or totally replacing fat and/or oil therein with a 
macrocolloid comprising substantially non-aggregared 

5 particles of denatured protein having in a dry state a 
mean diameter particle size distribution ranging from 
about 0.1 microns to about 2.0 microns, with less than 
about 2 percent of the total number of particles exceed- 
ing 3.0 microns in diameter, and wherein the majority of 
10 the said particles are generally spheroidal as viewed at 
about 800 power magnification under a standard light 
microscope, the particles in a hydrated state forming 
said macrocolloid having substantially smooth, emulsion- 
like organoleptic character. 

15 

8. An improved frozen whipped dessert food- 
stuff characterized by the presence of at least 1 x 10 8 
particles per cubic centimeter of denatured protein 
having diameters with the range of 0.5 to 2.5 microns. 

20 

9. The foodstuff of claim 8 characterized by 
the presence of from 1 x 10^ to 1 x lO 1 ^ of said par- 
ticles per cubic centimeter. 

25 10 . The foodstuff of claim 8 further charac- 

terized by the presence of less than 1 percent fat. 

11. A method for preparing a low calorie 
frozen whipped dessert, said method comprising preparing 

30 a premix including from 5 to 20 percent protein, 25 to 
100 percent of which is heat coagulable protein, and 
subjecting the premix to heat pasteurization and high 
shear conditions to generate a product characterized by 
the presence of at least 1 x 10 8 particles per cubic 

35 centimeter of denatured protein having diameters within 
the range of 0.5 to 2.5 microns. 
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12. A cream substitute food ingredient com- 
prising : 

(a) a coagulable protein; and 

(b) a nucleating agent, 

5 wherein the coagulable protein is denatured 

around the nucleating agent to form substantially non- 
aggregated, spheroidally shaped macrocolloidal particles 
having a particle size distribution effective to impart 
an emulsion-like organoleptic character. 

10 

13. The cream substitute food ingredient of 
claim 12 wherein the nucleating agent is substantially 
non-aggregated casein micelles and the coagulable 
protein is egg white protein. 

15 

14. The cream substitute food ingredient of 
claim 13 wherein the egg white protein is derived from 
ultraf iltered egg whites and the casein micelles are 
derived from condensed skim milk or ultraf iltered skim 

20 milk. 

15. The cream substitute food ingredient of 
claim 12 further comprising: 

(c) a polyhydric compound; 

25 (d) an aggregate blocking agent; and 

(e) a food grade acid. 

16. The cream substitute of claim 15 wherein: 
(i) the polyhydric compound is cane sugar, 

30 corn sugar, lactose or mixtures thereof; 

(ii) the aggregate blocking agent is pectin, 

lecithin, xanthan gum, guar gum, datem esters, 

carrageenan, alginate, malto-dextr ins , calcium steroyl 

lactylate or mixtures thereof; and 
35 (iii) the food grade acid is lactic acid or 

citric acid. 
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17. The cream substitute of claim 16 wherein 
the polyhydric compound is a mixture of sucrose and 
lactose, the aggregate blocking agent is a mixture of 
pectin and lecithin and the acid is citric acid. 

5 

18. The cream substitute of claim 12 wherein 
the non-aggregated macrocolloidal particles have in a 
dry state a mean diameter particle size distribution 
ranging from about 0,1 microns to about 2.0 microns with 

10 less than about 2 percent of the number of particles 
exceeding 3.0 microns, 

19. A cream substitute food ingredient com- 
prising substantially non-aggregated spheroidally shaped 

15 macrocolloidal particles having a core and a shell 
surrounding the core wherein: 

(a) the core is comprised of casein; 

(b) the shell is comprised of denatured egg 
white protein; and 

20 (c) the macrocolloid protein particles have a 

particle size distribution effective to impart an emul- 
sion-like organoleptic character when orally ingested. 

20. The cream substitute food ingredient of 
25 claim 19 wherein the egg white protein is derived from 

ultraf iltered egg white. 

21. The cream substitute food ingredient of 
claim 19 wherein the casein is derived from condensed 

30 skim milk or ultraf iltered skim milk. 

22. The cream substitute food ingredient of 
claim 19 further comprising: 

(c) a polyhydric compound; 

35 
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(d) an aggregate blocking agent; and 

(e) a food grade acid. 

23. The cream substitute of claim 22 wherein: 
5 (i) the polyhydric compound is cane sugar, 

corn sugar, lactose or mixtures thereof; 

(ii) the aggregate blocking agent is pectin, 
lecithin, xanthan gum, guar gum, datem esters, 
carrageenan, alginate, malto-dextr ins , calcium steroyl 
10 lactylate or mixtures thereof; and 

(iii) the food grade acid is lactic acid or 
citrus acid. 

24. The cream substitute of claim 23 wherein 
15 the polyhydric compound is a mixture of sucrose and 

lactose, the aggregate blocking agent is a mixture of 
pectin and lecithin and the acid is citric acid. 

25. The cream substitute of claim 19 wherein 
20 the non-aggregated macrocolloidal particles have in a 

dry state a mean diameter particle size distribution 
ranging from about 0.1 microns to about 2.0 microns with 
less than about 2 percent of the number of particles 
exceeding 3.0y. 

25 

26. In a food product which contains fat or 
cream, the improvement which comprises the partial or 
total replacement of fat or cream by a macrocolloid 
comprising substantially non-aggregated spheroidally 

30 shaped particles wherein the particles: 

(a) have a core of one or more casein micells 
surrounded by an outer shell of denatured egg white 
protein, and 

(b) have a particle si2e distribution and 

35 concentration effective to impart a creamy mouthfeel to 
the food product. 
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27. The improved food product of claim 26 
wherein substantially all of the fat or cream is 
replaced by the macrocolloid. 

5 28. The improved food product of claim 27 

which is an analog of ice cream containing less than one 
percent fat. 

29. The improved product of claim 27 which is 

10 a sauce. 

30. The improved product of claim 27 which is 

an icing. 

15 31. The improved product of claim 27 which is 

a cream pie filling. 

32. The improved product of claim 27 which is 

a spread. 

20 

33. The improved product of claim 27 which is 

a dip. 

34. An ice cream-like frozen dessert compris- 

25 ing: 

(a) a macrocolloid of substantially non- 
aggregated spheroidally shaped particles wherein the 
particles have cores comprising casein micelles and 
outer shells of denatured egg white protein; 
30 (b) a sweetener; 

(c) one or more stabilizers; 

(d) a flavoring system; and 

(e) non-fat milk solids, 

wherein the macrocolloid particles have a 
35 particle size distribution and concentration effective 
to impart a creamy mouth feel to the frozen dessert. 
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35. A method of preparing substantially non- 
aggregated spheroidally shaped macrocolloidal protein 
particles having cores comprising casein micelles and 
outer shells of denatured egg white protein, which 

5 method comprises: 

heating egg white protein and a source of 
substantially non-aggregated casein micelles, at a pH 
between about 6.0 and about 7.0 under shear conditions 
sufficient to form macrocolloidal particles of casein 
10 surrounded by denatured egg white protein, 

36. The method of claim 35 wherein the egg 
white is ultraf iltered egg white and the casein micelle 
source is condensed skim milk or ultraf iltered skim 

15 milk. 

37. The method of claim 36 conducted in the 
presence of a polyhydric compound and an aggregate 
blocking agent. 

20 

38. The method of claim 37 wherein: 

(a) the polyhydric compound is sugar, corn 
sugar, lactose or mixtures thereof; and 

(b) the aggregate blocking agent is pectin, 
25 lecithin, xanthan gum, guar gum, datem esters, 

carrageenan, alginate, malto-dextr in , calcium steroyl 
lactylate or mixtures thereof. 

39. The method of claim 38 wherein the poly- 
30 hydric compound is sugar, lactose or a mixture thereof 

and the aggregate blocking agent is a mixture of pectin 
and lecithin. 

35 
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40. The method of claim 36 wherein the temp- 
erature of the heat process is from about 80°C to about 
125°C and the shear rate is from about 5,000 to 7,500 
reciprocal seconds. ' 

5 

41. The method of claim 36 wherein the egg 
white supplies from about 60 to about 99% of the total 
protein. 

10 



15 



25 



30 



35 



8 905587 A2_l_> 



WO 89/05587 



1/4 



PCT/US88/04120 




BNSDOCID: <WO 8905587 A2J_> 



WO 89/05587 



2/4 



PCT/US88/04120 




WO 89/05587 



3/4 



PCT/US88/04120 




LD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 



PCT Q 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 




(51) International Patent Classification 4 : 




(11) International Publication Number: 


WO 89/ 05587 


A23G 9/00 


A3 


(43) International Publication Date: 


29 June 1989 (29.06.89) 



(21) International Application Number: PCT/US88/04120 

(22) International Filing Date: 17 November 1988 (17,11.88) 
(31) Priority Application Numbers; 



(32) Priority Dates: 



(33) Priority Country: 



127,709 
148,434 
246,42.1 



2 December 1987 (02.12.87) 
26 January 1988 (26.01.88) 
19 September 1988 (19.09.88) 

US 



(71) Applicant: THE NUTRASWEET COMPANY [US/ 

US]; 1751 Lake Cook Road, Box 730, Deerfield, IL 
60015 (US). 

(72) Inventors: SINGER, Norman, S. ; 40 Ridge Road, 

Highland Park, IL 60035 (US). WILCOX, Reed ; 3228 
East Fremont, Littleton, CO 80122 (US). PODOLSKI, 
Joseph, S. ; 5334 Suffield Terrace, Skokie, IL 60077 
(US). CHANG, Hsien-Hsin ; 545 Shallow Cove Road, 
Lake Zurich, IL 60047 (US). POOKOTE, Suseeian ; 



313 Vintage Lane, Buffalo Grove, IL 60089 (US). 
DUNN, John, Michael ; 51 1 Brunt Ember Lane, Buf- 
falo Grove, IL 60089 (US). HATCHWELL, Leora ; 
383 Le Pare Circle, Buffalo Grove, IL 60089 (US). 

(74) Agent: SANDERS, John, M.; The NutraSweet Com- 
pany, 1751 Lake Cook Road, Box 730, Deerfield, IL 
60015 (US). 

(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), BR, CH (European patent), DE (Eu- 
ropean patent), DK, FI, FR (European patent), GB 
(European patent), IT (European patent), JP, KR, LU 
(European patent), NL (European patent), NO, SE 
(European patent). 

Published 

With international search report 

Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt of 
amendments. 

(88) Date of publication of the international search report: • 

27 July 1989 (27.07.89) 



(54) Title; CREAM SUBSTITUTE INGREDIENT AND FOOD PRODUCTS 



(57) Abstract 

Non-fat and reduced fat whipped frozen dessert products wherein part or all of the milk fat, vegetable fat or oil ordi- 
narily incorporated therein is replaced by a proteinaceous macrocolloid of, e.g., denatured whey protein particles or parti- 
cles having a core of casein surrounded by a shell of denatured egg white protein. Illustrative embodiments include non- 
fat ice cream analog products having reduced calorie content, enhanced food value due to increased protein content, and 
possessing the physical and organoleptic character of full fat ice creams. The egg white protein/casein particles can be used 
also in sauces, dips, spreads, icing and cream pie fillings. 



V <WO 6905587 A3J_> 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCTon the front pages of pamphlets publishing international appli- 
cations under the PCT. 



AT 


Austria 


FR 


France 


ML 


Mali 


ALT 


Australia 


GA 


Gabon 


MR 


Mauritania 


BB 


Barbados 


GB 


United Kingdom 


MW 


Malawi 


BE 


Belgium 


HU 


Hungary 


NL 


Netherlands 


BG 


Bulgaria 


IT 


Italy 


NO 


Norway 


BJ 


Benin 


JP 


Japan 


RO 


Romania 


BR 


Brazil 


KP 


Democratic People's Republic 


SD 


Sudan 


CF 


Central African Republic 




of Korea 


SE 


Sweden 


CG 


Congo 


KR 


Republic of Korea 


SN 


Senegal 


CH 


Switzerland 


LI 


Liechtenstein 


su 


Soviet Union 


CM 


Cameroon 


LK 


Sri Lanka 


TD 


Chad 


DE 


Germany, Federal Republic of 


LU 


Luxembourg 


TG 


Togo 


DK 


Denmark 


MC 


Monaco 


US 


United States of America 


FT 


Finland 


MG 


Madagascar 







INTERNATIONAL SEARCH REPOR 



International Application No, POT/US88/04 12 0 



I. CLASSIFICATION OF SUBJECT MATTER ( if several classification symbols apply, indicate all) 6 
According to International Patent Classification (IPC) or to both National Classification and IPC 

IPC (4) A23G9/00 

n.s ra. 565.566,567,570.572,583, 602,613, 804 



II. FIELDS SEARCHED 



Minimum Documentation Searched 7 



Classification System 



Classification Symbols 



U.S. 



426/564.565.566.570.572.583.602.613,804,567 



Documentation Searched other than Minimum Documentation 
to the Extent that such Documents are Included in the Fields Searched a 



III. DOCUMENTS CONSIDERED TO BE RELEVANT 9 



Category * 



Citation of Document, 11 with indication, where appropriate, of the relevant passages '2 



Relevant to Claim No. 13 



A 
A 

A.P 

A 
A 
A 
A 

A.P.& 

A 



U.S.A. 3.892.873 KOLEN ET AL. 01 Julv 1975. 

U.S.A. 4.168.322 BUCKLEY ET AL. 18 September 1979. 

U.S.A. 4.713.254 CHILDS ET AL. 15 December 1987. 

U.S.A. 3.995.070 NAGASAVJA ET AL. 30 November 1976 

U.S.A. 4.291.067 BUHLER ET AL. 22 SeDtember 1981 

U.S.A. 4.364.966 CHANG 21 December 1982 

U.S.A. .4.519.945 OTTENHOF 28 Mav 1985 

U.S.A. 4.734.287 SINGER ET AL. 29 March 1988 

JOURNAL POOD TECHNOLOGY Vol. 6 1971 BERGER ET AL. 
oaaes 285-294. 

SUSSWAREN Vol. 16 1970. BUCHHEXM Daaes 763-767 



1-41 
1-41 
1-41 
1-41 
1-41 
1-41 
1-41 
1-41 
1-41 

1-41 



* Special categories of cited documents: 10 

"A" document defining the general state of the art which is not 
considered to be of particular relevance 

"E" earlier document but published on or after the international 
filing date 

"L" document which may throw doubts on priority claim(s) or 
which is cited to establish the publication date of another 
citation or other special reason (as specified) 

"O" document referring to an oral disclosure, use, exhibition or 
other means 

"P" document published prior to the international filing date but 
later than the priority date claimed 



"T" later document published after the international filing date 
or priority date and not in conflict with the application but 
cited to understand the principle or theory underlying the 
invention 

"X" document of particular relevance; the claimed invention 
cannot be considered novel or cannot be considered to 
involve an inventive step 

"Y" document of particular relevance; the claimed invention 
cannot be considered to involve an inventive step when the 
document is combined with one or more other such docu- 
ments, such combination being obvious to a person skilled 
in the art. 

document member of the same patent family 



IV. CERTIFICATION 



Date of the Actual Completion of the International Search 



02 JUNE 1989 



Date of Mailing of this International Search Report 



19JUN 1989 



International Searching Authority 



ISA/US 




Officer? 

Je#iette M. Hunter 



FormPCT/ISA)210 (second sheet) (Rev.11-87) 



BNSDOCfD: <WO 8905587A3_L> 



4 1 



